Introduction
In 1963 Heath and Hasterlik described a " cluster " of patients with acute leukaemia in Niles, Illinois. In three years, among a population of about 20,000, there were eight cases of childhood leukaemia, nearly five times as many as would have been expected on the basis of the incidence in other parts of the same State. This report coincided with a reawakening of interest in the theory that human leukaemia, like that in many strains of laboratory mice, might be caused by viruses, and, although the authors merely suggested a relationship to an infectious process, the Niles cluster has been frequently interpreted as indirect evidence in favour of a viral origin of leukaemia.
More or less well documented instances of leukaemia clusters have since been published from many parts of the world, their individual size ranging from two cases upwards. Their significance has remained problematic, for chance alone must cause occasional aggregations of rare events. " The pertinent question is not whether unlikely events are occurring, but whether they are occurring more frequently than expected" (Ederer et al., 1965) . Great difficulty has been experienced in deciding whether the spacing or timing of any observed clusters exceeded the limits of chance probability, and conflicting answers to the problem have been published (Pinkel and Nefzger, 1959; Ederer et al., 1964 Ederer et al., , 1965 Heath et al., 1964; Knox, 1964; Mustacchi, 1965; Dowsett, 1966; Lundin et al., 1966; Mainwaring, 1966; Goldenberg and Zarowski, 1967 ; Till et al., 1967) . There is agreement that, even if clustering could be shown to exceed expectation, this fact alone would give no information on the causes of the phenomenon.
We report here the results of an investigation of the occurrence in time and space of acute leukaemia in the New Zealand population. The aim was to determine whether clustering, if observed, was more common than could be expected. We restricted our inquiries to childhood leukaemia and acute leukaemia in adults because we believed that these were the types most likely to show clustering, and that inclusion of other types with a probably different aetiology might dilute the effect if present. The survey was made New Zealand-wide in order to obtain the largest possible numbers of cases, and also to avoid the risk of bias arising from the selection of any circumscribed areas.
Material and Methods
In the Cancer Death Lists issued by the New Zealand Department of Health a search was made for deaths of children under 15 certified as due to any form of leukaemia and of adults with either acute leukaemia or leukaemia not otherwise specified. These Lists contain extracts frorn all death certificates in which any form of cancer, including leukaemia, is mentioned as the primary or an associated cause of death. All deaths occurring in the 12-year period between 1 January 1953 and 31 December 1964 were noted, with a view to establishing the date of onset of the disease and the patients' places of residence, the latter defined as that address at which the patient had last lived for at least three months before the onset of the disease.
Hospital records of all patients who had died in hospital were obtained in order to verify the diagnosis and to note the presumed date of onset, which was defined as the date of the first recognizable symptom pointing to leukaemia. Dates to the nearest month were checked indep-ndently by correspondence with the patients' private doctors and surviving relatives, whether or not the patients had died in hospitdl. In a few cases (less than 2%) dates of onset were not obtainable. In these the onset was arbitrarily and uniformly fixed as occurring three months before death.
Acute leukaemia was defined according to accepted cytological and clinical criteria, and those adults whose records did not satisfy these criteria unequivocally were excluded from the survey. All cases of childhood leukaemia were included. No attempt was made to subdivide acute leukaemia into types because no uniform criteria could be established, the diagnoses having been made in a large number of laboratories and the original material being frequently no longer available.
Places of residence were confirmed from hospital and doctors' notes. Where doubt existed about the length of the patient's residence at a given address, local electoral rolls were consulted. All addresses were finally plotted on city maps or, for those not residing in cities, on ordnance survey maps with a scale of 1 in. to 4 miles (2.5 cm. to 6.4 km.). In all cases the positions were noted to the nearest half minute of latitude and longitude. This procedure allowed distances between addresses to be calculated to the nearest statute mile (1.6 km.).
Statistical Analysis
The method used to investigate the space-time interaction in the various groups of cases examined was that of Knox (1964 Table I shows the age and sex distribution, which resembled that usually found in acute leukaemia. The sex ratio (M: F) was 1.18 and the modal ages were 2.5 years for children under 15 (male 2.5, female 3.5) and 67.5 years for adults (male 77.5, female 67.5). the rest of the year, but statistically the distribution did not depart from a random one. In adults the distribution was significantly non-random, with a peak in December (that is, sumnmer) and a low in June-August. Fig. 1 shows the seasonal distribution graphically. There was thus no definite evidence of temporal clustering, as described by Lee (1962) and by Knox (1964) in childhood leukaemia, but in adult cases the phenomenon was prominent. The results of all calculations are summarized in Table III , and a more detailed sample calculation appears in Table IV . Fig. 2 shows a comparison of the ratios between observed and expected numbers of pairs for children under 6 and for all cases. Kellett (1937) had gone almost unnoticed. Many clusters have been described in the past five years, and in New Zealand, too, apparently unusual aggregations of cases were found when looked for (Gunz, 1966 York, and Mustacchi (1965) in all types of leukaemia in San Francisco. The former findings have been criticized on statistical grounds (Ederer et al., 1964) . Knox (1964) showed clustering in children under 6 living in Northumberland and Durham, but when Barton et al. (1965) retested Knox's data by a different method they found no space-time interaction. Finally, weak evidence of clustering in London children under 6 was found by Till et al. (1967) with the use of Knox's method but not with that of Barton et al. (1965) .
Our own results show that, in general, acute leukaemia as seen in New Zealand over a period of 12 years did not tend to occur in clusters. On the contrary, the analysis of the pairs of patients showed that those satisfying the criteria of "close " followed the Poisson distribution with surprising faithfulness. However, a small subgroup showed a significant departure from the Poisson model. This consisted of children aged less-than 6 years, four pairs among whom developed leukaemia within two months of each other (three within one month) while living within distances of less than one mile (1.6 km.). Given a random (Poisson) distribution, only 0.54 pairs would have been expected at this distance and time interval. This finding is similar to that of Knox, who discovered five pairs (expected 0.79) aged less than 6 years, living within a distance of one kilometre and with onsets within 60 days; and also to that in the recent report of Till et al. (1967) MacMahon (1968) , "from genes to lightning bolts." It is interesting, for instance, that the largest " cluster " ever discovered in New Zealand occurred in a single family in which four, and probably five, siblings had acute leukaemia (Gunz et al., 1966) . Genes were here certainly high on the list of suspected leukaemogens. Most studies in this field have, however, started from the premise that the discovery of significant clustering might provide support for the theory that leukaemia has an infective-possibly viral-origin. The small size of the clusters discovered (including our own) and the absence of known contacts between their members are points against case-,to-case infection. The alternative would be "infection" from a common source. Knox found seasonal clustering with a summer peak in his cases, and therefore postulated "a seasonally distributed and clustered event of short duration, that is a trigger mechanism " acting on a widely prevalent underlying factor (? virus) as a possible mechanism. In our own material no seasonal clustering occurred in the only group which showed a significant time-space interactionnamely, young children-and the " trigger " theory thus seems unlikely to be correct. (We have no explanation at present for the marked summer peak in adudts-who of course showed no time-space clustering-other than Lee and Gardner's (1965) demonstration that many malignant neoplasms have such a summer peak.)
Latent Period
In cases of leukaemia where a causative event, such as exposure to ionizing radiations, can be defined the latent period has been found to be of considerable length-that is, 18 months or more (Dameshek and Gunz, 1964) . Although in young children it could conceivably be somewhat shorter, the studies of Stewart and Hewitt (1965) make this seem unlikely. But if several years have to elapse after the initiating event it is difficult to see why the onset of leukaemia should be found to cluster. Till et al. thought it more reasonable to expect birth dates to cluster, and in their investigation of leukaemic children they found some evidence pointing to time-space clustering at or about birth. However, Stark and Mantel (1967) , with the use of a different statistical technique, obtained negative results when they examined the possibility of space-time clustering of birth dates of Michigan children with leukaemia.
In spite of the present difficulty of explaining the reason for the clustering in young children with leukaemia, it would seem important to pursue studies in this field. This should be done prospectively in order to make possible an immediate search for aetiological factors as soon as clusters are suspected. The organization of large-scale prospective surveys is beset by many difficulties, but these diminish when it is possible to confine the investigation to well-defined groups. In view of the findings here discussed, it is now suggested that future surveys of leukaemia clusters might with advantage be confined to the group most likely to show the effect-children under the age of 6 years. 
Introduction
In 1908 a curious disease known as " culebrilla " was described in Yucatan, Mexico (Correa, 1908) . In this disease, which later became known as kwashiorkor, intractable diarrhoea was the chief sign, and it has remained a prominent feature of all subsequent descriptions. In early work from Uganda, Dean (1952) implicated carbohydrate intolerance, particularly of lactose, as a major factor in the aetiology of the diarrhoea, and lactose intolerance in children with kwashiorkor has been clearly established in Cape Town (Bowie, Brinkman, and Hansen, 1965; Bowie, Barbezat, and Hansen, 1967) . In other South African centres infection has been thought to be the cause (Kahn, 1959; Scragg and Rubidge, 1960) , and in Mexico enteritic infection certainly contributes to the high mortality rate (Galvan and Calderon, 1965) .
The clinical problem in Uganda has sometimes been diarrhoea *that appears after a day or so of treatment and becomes increasingly severe. This diarrhoea rarely responded to antibiotics. A lactose-free diet containing glucose and sucrose was not always successful, and one child had reducing substances in his stool when receiving oral dextrose only. The differing views on aetiology and the difficulties of management suggested that a combined clinical, biochemical, and bacteriological approach to the problem might be of value, and this was made in 71 children admitted to the unit for the treatment of malnutrition. Preliminary results were presented at the Cambridge Symposium in 1967 (Wharton, 1968 
Methods

Bacteriology
The stools of all the children were examined for the presence of salmonellae, shigellae, and pathogenic Escherichia coli, on admission and thereafter as indicated clinically by persistent diarrhoea or a suspected septicaemia. The samples were cultured on MacConkey agar, desoxycholate-citrate agar, and in selenite broth. Standard bacteriological examinations were also made on specimens from other infected sites. All children with kwashiorkor have diarrhoea. It was regarded as " mild" if the child passed fewer than three stools per day, " moderate" if three to five loose stools were obtained, and "severe'" if more than five loose or fluid stools were passed.
